The unique SLD CCD vertex detector combined with the highly-polarised electron beam allow us to search for an anomalous chromomagnetic coupling of the b-quark, as well as P-odd, T N -odd and CP-odd processes at the bbg vertex.
Introduction
One expects new high-mass-scale dynamics to couple preferentially to the massive third-generation fermions. The study of e + e − → bb events is hence of considerable interest. Using inclusive Z 0 → bb decays one can measure R b = Γ(Z 0 →bb)/Γ(Z 0 →qq) and the Z 0 -b parity-violating coupling A b . In recent years several reported determinations of these quantities have differed from Standard Model (SM) expectations at the few σ level, arousing considerable interest and speculation. Currently R b is in good agreement with the SM, whereas A b appears to be about 2.5σ low [1] .
We have therefore investigated in detail the strong-interaction dynamics of the b-quark. We have compared the strong coupling of the gluon to bquarks with that to light-and charm-quarks [2] and found all couplings to be equal to within the experimental sensitivity of a few per cent. We have also studied the structure of 3-jet bbg events [3] , as well as tested parity (P) and charge⊕parity (CP) conservation at the bbg vertex; here we present a preliminary update of the latter two measurements using a data sample more than 3 times larger. Full details can be found in [4, 5] .
We used roughly 550,000 hadronic Z 0 decays recorded between 1993 and 1998 in the SLC Large Detector (SLD). The average magnitude of the electron-beam polarisation was 73%. We applied iterative clustering algorithms to select 3-jet events. In order to improve the energy resolution the jet energies were rescaled kinematically according to the angles between the jet axes, assuming energy and momentum conservation and massless kinematics. The jets were then labelled in order of energy such that E 1 > E 2 > E 3 .
bbg Observables and Tagging Strategy
We considered the following bbg observables:
• the scaled gluon energy, x g = E gluon /E beam , to test for anomalous bbg couplings, and the gluon polar angle w.r.t. the e − beam, θ g ; • the b-quark polar angle, θ b , and azimuthal angle, χ (between the b-quarkgluon plane and the b-quark-e − plane), to test for parity-violation at the bbg vertex;
• the polar angle, ω, of the normal to the bbg plane to test for T N -odd finalstate interactions. With the normal defined by
forward-backward asymmetry of the angular distribution (see section 4) is CP-even; with the normal defined by p b × pb it is CP-odd.
In order to define these observables we require two different tagging strategies: 1) which jet is the gluon? i.e. we need to tag two jets as being b or b; 2) which jet is the gluon, and which is the b-quark? i.e. we need in addition to distinguish between the b and b jets.
In strategy 1 we reconstructed jets using the JADE algorithm with a scaled-invariant-mass criterion y cut = 0.02; 126,871 3-jet events were selected. Charged tracks with a large transverse impact parameter (d) w.r.t. the interaction point were used to tag bbg events [4] . The flavour tag was based on the number of 'significant' tracks per jet, N jet sig , with d/σ d ≥ 3. 8196 events were selected in which exactly two jets were b-tagged by requiring each to have N jet sig ≥ 2 and in which the remaining jet had N jet sig < 2 and was hence tagged as the gluon. The efficiency for selecting true bbg events is 12%. The inclusive gluon purity of the tagged-jet sample is 93%.
In strategy 2 we reconstructed jets using the Durham algorithm and y cut = 0.005; roughly 75,000 3-jet events were selected. A topological algorithm was applied to the set of tracks in each jet to search for a secondary decay vertex. An event was selected as bbg if at least one jet contained a vertex with invariant mass larger than 1.5 GeV/c 2 [5] . 14,658 events satisfied this requirement. With the new SLD VXD this selection is 84% efficient for identifying a sample of bbg events with 84% purity, and containing 14% ccg and 2% light-flavor backgrounds. Jet 1 was chosen as the gluon jet only if it contained no significant track and both jets 2 and 3 contained at least one such track. Jet 2 was chosen as the gluon jet if it contained no significant track and jet 3 contained at least one significant track. Otherwise jet 3 was tagged as the gluon. The momentum-weighted charge was calculated for each 'b' jet; if the difference in charge, Q i − Q j , was negative (positive) jet i was tagged as the b-jet (b-jet). The probability of correctly identifying the b-jet charge is 68%.
Anomalous bbg Chromomagnetic Coupling
We formed the distributions of x g and θ g . The non-bbg-event backgrounds were subtracted, and the distributions were corrected for the efficiency for accepting true bbg events into the tagged sample, as well as for bin-to-bin migrations caused by hadronisation, the resolution of the detector, and bias of the jet-tagging technique. Fig. 1 shows the fully-corrected normalised distributions. We compared the data with PQCD predictions for the same jet algorithm and y c value. We used leading-order (LO) and NLO results based on recent calculations [6] in which quark mass effects were explicitly taken into account; a b-mass value of m b (m Z ) = 3GeV/c 2 was used. We also derived these distributions using the 'parton shower' (PS) implemented in JETSET 7.4. The calculations reproduce the measured cosθ g distribution, which is insensitive to the details of higher-order soft parton emission. For x g , although the LO calculation reproduces the main features of the shape of the distribution, it yields too few events in the region 0.2 < x g < 0.5, and too many events for x g < 0.1 and x g > 0.5. The NLO calculation is noticeably better, but also shows a deficit for 0.2 < x g < 0.4. The PS calculation describes the data across the full x g range. This suggests that multiple orders of parton radiation need to be included. We conclude that PQCD in the PS approximation accurately reproduces the gluon distributions in bbg events.
In QCD the quark chromomagnetic moment is induced at the one-loop level and is of order α s /π. A more general bbg Lagrangian term with a modified coupling may be written:
where κ andκ parameterize the anomalous chromomagnetic and chromoelectric moments, respectively, which might arise from physics beyond the SM. The effects ofκ are sub-leading w.r.t. those of κ, so for convenience we setκ to zero. A non-zero κ would modify the x g distribution in bbg events relative to the standard QCD case. In each x g bin we parametrised the LO κ dependence and added it to the PS calculation. A χ 2 minimisation fit was performed to the data, yielding κ = −0.011 ± 0.048(stat.)
+0.013
−0.003 (syst.). This corresponds to 95% c.l. limits of −0.11 < κ < 0.08 (preliminary).
Tests of Parity Violation at the bbg Vertex
New tests of parity-violation in strong interactions have recently been proposed using polarized e + e − → qqg events [7] . The quark polar-angle distribution can be written:
where P e is the electron polarisation, A e (A f ) is the parity-violating electroweak coupling of the Z 0 to the initial (final) state, given by
) in terms of the vector v i and axial-vector a i couplings, and A P characterizes the degree of parity violation. One can write
, where the second factor modulates the electroweak parity violation and can be calculated in QCD. Similarly, for the azimuthal angle χ: 
T N -odd Final-State Interactions
Consider the polar angle, ω, of the normal to the bbg plane. In PQCD one expects: Taking the left-right forward-backward asymmetry projects out the cosω term. This term is proportional to the triple product σ Z · ( p b i × p b j ), where σ Z is the Z 0 polarization vector. When the vector product is ordered by jet momentum the term is T N -odd and CP-even ("A + T "). Since the true timereversed experiment is not performed non-zero contributions can arise from final-state interactions in the SM. A 1-loop SM calculation [8] shows that A + T is largest for bbg events, but is only ∼10 −5 . We have previously set limits on A + T using events of all flavours [9] . When the vector product is ordered by flavour, i.e. p b × pb the cosω term is both T N -odd and CP-odd ("A − T "). For tagged bbg events our measured left-right forward-backward asymmetries in the CP-even and odd cases are shown in Fig. 4 . They are both consistent with zero and we set 95% c.l. limits on T N -odd asymmetries of −0.038 < A 
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